Background: Accelerometers have become one of the most common methods of measuring physical activity (PA). Thus, validity of accelerometer data reduction approaches remains an important research area. Yet, few studies directly compare data reduction approaches and other PA measures in free-living samples. Objective: To compare PA estimates provided by 3 accelerometer data reduction approaches, steps, and 2 self-reported estimates: Crouter's 2-regression model, Crouter's refined 2-regression model, the weighted cut-point method adopted in the National Health and Nutrition Examination Survey (NHANES; 2003 -2004 and 2005 -2006 cycles), steps, IPAQ, and 7-day PA recall. Methods: A worksite sample (N = 87) completed online-surveys and wore ActiGraph GT1M accelerometers and pedometers (SW-200) during waking hours for 7 consecutive days. Daily time spent in sedentary, light, moderate, and vigorous intensity activity and percentage of participants meeting PA recommendations were calculated and compared. Results: Crouter's 2-regression (161.8 ± 52.3 minutes/day) and refined 2-regression (137.6 ± 40.3 minutes/day) models provided significantly higher estimates of moderate and vigorous PA and proportions of those meeting PA recommendations (91% and 92%, respectively) as compared with the NHANES weighted cut-point method (39.5 ± 20.2 minutes/day, 18%). Differences between other measures were also significant. Conclusions: When comparing 3 accelerometer cut-point methods, steps, and self-report measures, estimates of PA participation vary substantially.
intermittent lifestyle activities on the basis of variability in accelerometer counts. When counts per minute was > 50 and the coefficient of variation (CV) of 6 consecutive 10-second epochs was < 10%, an exponential regression equation specific to walking and running was used to predict PA intensity (metabolic equivalents; METs). When counts per minute was > 50 and the CV was > 10%, a cubic regression equation specific to intermittent lifestyle activities was used to predict PA intensity. Counts per minute < 50 were classified as sedentary (1 MET) regardless of the CV. When applied to structured PA bouts, the C2RM provided significantly more accurate estimates of PA intensity than single-regression approaches. 5 Recently, Crouter et al 6 refined the C2RM to minimize misclassification errors associated with transitioning from one activity type to another within a given minute. Instead of calculating the CV for accelerometer counts over a fixed 1-minute window, the refined 2-regression model (RC2RM) adopted a rolling window approach in which each 10-second epoch and all combinations of the surrounding 5 10-second epochs were used to determine the lowest CV. 6 Although the C2RM and RC2RM have been supported as more accurate than conventional single-regression approaches during laboratory-based PA bouts, little is known about their accuracy in free-living samples. 6, 7 Accelerometry has gained substantial support as a valid measure of physical activity (PA) in field-based research. 1 However, the accuracy of accelerometer data reduction approaches continues to be debated. To date, most investigations have estimated time spent in different PA intensities by applying cut-points derived from a single-regression equation that defines the linear or nonlinear relationship between accelerometer counts and energy expenditure. [1] [2] [3] [4] Yet, the relationship between accelerometer counts and energy expenditure has been recognized as activity dependent, thereby suggesting that a single-regression equation cannot accurately determine energy expenditure across a range of activities. 1, 5 To address this concern, Crouter and colleagues developed a 2-regression model (C2RM) 5 that distinguished between continuous walking and running and To date, only 1 study has evaluated the validity of the C2RM under free-living conditions, where C2RM energy expenditure (EE) predictions were compared with those obtained by whole-room calorimetry and doubly-labeled water (DLW). 7 Compared with room calorimetry, the C2RM significantly overestimated time spent in moderate PA by 37-minutes and overestimated EE by 10%. In contrast, C2RM-predicted daily EE was not significantly different from daily EE measured by DLW (2192 ± 228 vs. 2108 ± 358 MET-minutes/day, respectively). 7 Given the need for further research of the C2RM and RC2RM in free-living settings, the objective of this study was to build on Rothney et al's 7 work and compare estimates of PA provided by the C2RM, the RC2RM, and the weighted cut-point method adopted in the 2003-2004 and 2005-2006 cycles of the National Health and Nutrition Examination Survey (NHANES-CP). 4 NHANES-CP PA estimates were calculated using weighted cut-points for moderate intensity (2020 counts; 3 METS) and vigorous PA (5999 counts; 6 METS), and total minutes in moderate-to-vigorous PA were summed. 4 As a secondary aim, these estimates were also compared with independently measured steps (Digiwalker SW-200) and 2 commonly used self-report measures, the International Physical Activity Questionnaire-long form (IPAQ) 8 and the 7-day Physical Activity Recall (7dPAR). 9, 10 
Methods

Data Collection
In spring of 2007, 108 employees of a higher education institution in the southeastern US (average age 44.6, SD = 10.9) indicated consent, as approved through the University's Institutional Review Board, and agreed to wear accelerometers, pedometers, and participate in an online survey. Each participant received a Digiwalker SW-200 pedometer, an ActiGraph GT1M accelerometer (Shalimar, FL), and instructions to wear the elasticized belt, accelerometer, and pedometer during waking hours on their nondominant hip for 7 consecutive days (removing for showers/swimming). All accelerometer data were collected using 10-second epochs. Participants providing ≥ 3 valid monitoring days were included in analyses (wear time > 10 hours; 60.9% reported 7 days, 19.5% 6 days, 13.8% 5 days, 4.6% 4 days, and 1.1% 3 days).
The IPAQ (www.ipaq.ki.se) 8 and 7dPAR 9,10 were collected via an online survey and each participant was instructed to record his/her daily steps in a provided step log. Sociodemographic information was collected using Behavioral Risk Factor Surveillance Survey items. Body mass index (BMI) was calculated using self-reported height and weight (kg/m 2 ). All data were coded to maintain confidentiality.
Data Reduction
A customized Visual Basic Excel macro was used with the 3 data reduction approaches to determine time spent in sedentary (< 1.5 METs), light, moderate, and vigorous PA. Nonwear time was defined as intervals of ≥ 60 consecutive minutes of zero counts, with allowance for up to 2 consecutive nonzero counts ≤ 100 counts/ minute. Accelerometer wear time was calculated by subtracting nonwear from total monitoring time for that day. Participants were included in analyses if they had ≥ 3 days with ≥ 10 hours of wear time. Participants "met" PA recommendations if, on average, they accumulated at least 30 minutes of moderate-or-greater intensity PA in bouts lasting ≥ 10 minutes. Bouts were defined as ≥ 10 minutes above 3 METs with allowance for interruptions of 1-2 minutes below the 3 MET threshold.
Statistical Analyses
Descriptive statistics were computed for sample demographics and PA estimates using each data reduction and self-report methodology. [4] [5] [6] [8] [9] [10] One-way repeatedmeasures ANOVA was used to compare estimates across data reduction approaches for sedentary, light, moderate, vigorous, and bouts of moderate-to-vigorous activity. One-way repeated-measures ANOVA was also used to compare estimates across data reduction approaches and other PA measures. Due to positive skewness, vigorous PA was log transformed before analysis. Post hoc Bonferroni contrasts were used to evaluate pairwise comparisons for significant ANOVAs. Chi-square test of differences using McNemar's test for matched data was used to compare prevalence estimates of meeting PA recommendations across data reduction approaches, steps (average of 10,000 / day = meeting recommendations), 11 IPAQ, and 7dPAR estimates. Bivariate analyses were computed for each estimate of average daily minutes of moderate-to-vigorous PA and average daily step counts. Analyses were conducted using SPSS 20.0.
Results
Of the 108 expressing interest in this study, 101 participated and 100 had usable data (provided ≥ 3 valid monitoring days and other PA measures of interest). Of these, 11 were missing demographic or self-report PA data and 2 were pregnant at the time of data collection, leaving a sample size of 87. The majority of the sample was female (78.2%), white (93.1%), and married (67.8%). Sixty-nine percent had full-time staff appointments and 28.7% had full-time academic appointments. Thirty-one percent were classified as overweight (BMI = 25.0-29.9) and 28.6% classified as obese (BMI ≥ 30).
Means and 95% confidence intervals for the 3 data reduction approaches and 2 self-reported PA estimates are reported in Table 1 . The C2RM and RC2RM estimated significantly greater minutes of moderate-to-vigorous PA as compared with NHANES-CP and 7dPAR, and the IPAQ estimated significantly greater minutes of moderate-to-vigorous PA as compared with all other measures. In addition, the NHANES-CP estimated significantly greater minutes of sedentary and light activity as compared with both of Crouter's approaches.
Correlations among all PA estimates are reported in Table 2 and prevalence estimates of meeting PA recommendations are depicted in Figure 1 . Aside from the IPAQ estimate, all estimates were significantly related. The IPAQ estimate was only significantly related with the 7dPAR estimate. The strongest correlations were between the C2RM and RC2RM approaches. The NHANES-CP estimate was the most strongly related with steps and the C2RM and RC2RM approaches. The C2RM and RC2RM estimated significantly greater proportions meeting PA recommendations as compared with NHANES-CP, the pedometer, and 7dPAR. When considering the 3 accelerometer reduction estimates for meeting PA recommendations without the 10-minute bout stipulation, the C2RM and RC2RM both estimated significantly greater proportions meeting PA recommendations (100%, n = 87) as compared with the NHANES-CP (67.8%, n = 59).
Conclusions
As accelerometer-based measurement of PA continues and is used in national surveillance system data collection, 4 comparison of activity estimates and data reduction methodologies in free-living samples continues to be warranted. 1, 6 However, a dearth comparative evaluations in nonclinical (free-living) settings exists. 1 This is the first study to compare 3 different accelerometer data reduction approaches in combination with 2 self-report measures and step counts in an independent, free-living sample. Results revealed that significant discrepancies exist in comparing both of Crouter's 2 regression models with the NHANES weighted cut-point approach, whereby moderate-to-vigorous PA estimates derived from Crouter's models were approximately 4 times greater than those provided by the NHANES cut-points. Indeed, more than 90% of the sample were classified as meeting PA recommendations when the accelerometer data were reduced using the Crouter methods (incorporating the 10-minute stipulation). Results also revealed that significant discrepancies exist in comparing these 3 accelerometer approaches with independently collected step counts and 2 commonly used self-report measures, whereby both of Crouter's 2 regression models and the IPAQ classified 90% or more of the sample as meeting PA recommendations, fewer than half of the sample was classified as meeting PA recommendations when using the NHANES-CP approach or step counts, and just over 60% when using the 7dPAR. Similarities in comparing the proportion classified as meeting PA recommendations by both Crouter methods and the IPAQ are noteworthy since evidence suggests that the IPAQ significantly over-estimates moderate-to-vigorous PA. 8, 12, 13 Although criterion validity cannot be examined in this study, given the free-living context, examination of concurrent validity through the comparison of multiple estimates can provide insight. Consistent with previous research correlations between these 3 accelerometer reduction methods and self-report are small at best, whereby the 7dPAR is more strongly related with the objective measures and all reduction methods than the IPAQ. 13 Correlations between the accelerometer reduction methods and step counts are notably stronger, with the strongest relationship found with the NHANES-CP method. This stronger correlation could be explained given that both accelerometers and pedometers measure overall PA, versus only measuring planned PA (exercise). 11 Although Crouter's refined 2-regression model was developed to address concerns related to overestimation of PA due to transitions from active to inactive states, and vice versa, 5, 6 it still provided substantially inflated estimates of moderate-to-vigorous PA relative to the weighted cut-point method used in NHANES. 4 Thus, RC2RM equations could be misspecified in another manner. As acknowledged by Rothney and colleagues 7 the regression equation for predicting lifestyle activity could be overestimating the intensity of some light intensity lifestyle activities, thereby leading to overestimated time spent in moderate-to-vigorous PA. In support of this assertion, 124 minutes of the 138 minute daily average for moderate-to-vigorous PA (~90%) was classified as lifestyle activity by the RC2RM. Based on the walking and running equation, the Crouter methods, on average, estimated just 14 (RC2RM) and 10 (C2RM) minutes of moderate-to-vigorous PA daily.
Given the vast discrepancies observed in this freeliving sample, further work is warranted to examine and better understand how to accurately measure PA and accurately interpret the PA estimates current measures and data reduction methods produce. Consideration should also be taken in regard to national PA recommendations, which were based primarily on self-reported PA data. If current recommended doses were derived from self-report measures, are estimates derived from objectively measured approaches congruent? Future research also needs to consider other emerging methodologies being used in accelerometer data reduction and compare these with currently accepted cut-point and regression approaches. Pattern recognition approaches to accelerometer data reduction are one emerging methodology type that is seen as a sophisticated, viable, and potentially more accurate alternative to the use of cut-points and regression-based approaches. 14 Although pattern recognition approaches have yet to be widely adopted, they challenge traditional methods and need to be further examined.
In summary, this study highlights a salient and constant challenge in PA measurement and specifically using accelerometry in PA measurement, that of accurate accelerometer data reduction and thus interpretation. As accelerometers will persist as commonly used PA measures, continued examination of the validity of current and emerging accelerometer data reduction approaches among free-living samples is imperative. .000
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* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). Abbreviations: 10-min bout, estimate calculated with a 10-minute bout stipulation; NHANES, the weighted cut-point method adopted 
